METHODS
This study received ethical approval from the Human Research Ethics Committee of the Cairns and Hinterland Hospital and Health Service. The medical records of all patients who had punched glass and then presented to the emergency department of Cairns Base Hospital between January 2003 and December 2012 were reviewed retrospectively. Cairns Base Hospital is a 450-bed regional hospital that services the metropolitan, rural, and remote areas of far North Queensland, Australia. The emergency department has approximately 43,000 presentations each year and uses electronic medical documentation.
Patients who had sustained an injury because of punching glass were identified by analyzing the presenting complaint of all the emergency department presentations at Cairns Base Hospital during the study period. The keyword "glass" was used, which produced 1871 separate presentations. This list was analyzed, and 191 patients who had punched glass were identified. Analysis of the medical records revealed incomplete documentation for 54 patients, leaving a total of 137 patients to be included in this study.
Data collected included age, gender, marital status, employment status, alcohol consumption, side of injury, intent, time of presentation, damaged structures, treatment required, operative time, total hospital stay, and required follow-up.
RESULTS
One hundred thirty-seven eligible patients were identified during the study period. Their demographics are displayed in Table 1 . Age was analyzed using a binomial test. Binary variables were analyzed using a χ 2 test for goodness of fit. The time of presentation to the emergency department is displayed in Figure 1 . Forty of 137 patients (29.2%) presented during normal working hours (6:00 am to 6:00 pm), whereas the remaining 97 patients (70.8%) presented outside of normal working hours. When these variables are treated as categorical, during normal working hours versus outside of normal working hours, they are statistically significant (P < 0.001) using a 1 sample two-sided binomial test.
Ninety-one patients (66.4%) sustained superficial skin lacerations only, which were able to be treated in the emergency department. The remaining 46 patients sustained more significant injuries, which required operative intervention ( Table 2) . Using statistical analysis to compare the structures injured against all other variables, some correlations are significant (Table 3) . Tendon, nerve, and vessel damage are strongly associated with each other (P < 0.001).
When the injury was significant enough to require an operation, either a surgical consultant or registrar was the primary operator. A total of 46 operations were required from 137 presentations. Figure 2 displays when these operations were performed. The average duration was 71 minutes with an SD of 40 minutes.
The average length of stay in hospital was 1.28 days for all patients in the study population. The operative group had an average length of stay of 1.9 days compared with 0.97 days for those patients who did not require an operation. The average number of clinic appointments for the total population was 1.4 (SD, 2.2). The average number of clinic appointments for the operative group was 5.25 compared with 0.50 for the nonoperative group.
DISCUSSION
Analysis of the largest case series of glass punching injuries in the English literature highlights that although this is an uncommon mechanism of injury, the consequences can be severe and debilitating. The typical patient who punches glass is a 26-year-old single male who is unemployed and intoxicated, highlighting that these injuries impact on an already disadvantaged section of our society. Other studies have found a similar demographic pattern. [4] [5] [6] The dominant hand is more likely to be involved in these injuries, which has obvious functional and socioeconomic consequences.
The superficial location of the tendons, nerves, and vessels in the forearm renders them particularly vulnerable to any penetrating trauma (Fig. 3) . 7, 8 Tendons were the most commonly injured structure followed by muscles, nerves, vessels, and bones in descending order, which is a similar injury frequency to other studies. 9, 10 Zone V injuries, which are defined as those occurring between the proximal border of the transverse carpal ligament and the flexor musculotendinous junctions, have been referred to as "spaghetti wrist," "suicide wrist," and "full house syndrome" in the literature. 11, 12 These injuries can be devastating in nature, involving as many as 16 different structures, including 12 tendons, 2 arteries, and 2 nerves. 12 The term spaghetti wrist was first defined as 3 completely transected structures (tendon, nerve, or vessel) resulting from a volar wrist laceration. 8 Fifteen patients in our case series had spaghetti wrist injuries, the worst case involving 8 completely transected structures (6 tendons, 1 artery, and 1 nerve). Not surprisingly, tendon, nerve, and vessel damage were strongly associated with each other in our study population. 
Management
After achieving hemostasis and taking an adequate history (including tetanus status), a thorough clinical examination of the hand, forearm, and arm should be performed. Neurovascular integrity, tendon function, and bony tenderness should be ascertained and documented. A meticulous search for skin lacerations needs to be conducted, while keeping in mind that the size of the wound can be misleading and even small lacerations can have extensive injuries to the deep structures underneath. 2, 8, 10 Tuncali et al 2 examined 226 patients with small lacerations (<2 cm for hand and <3 cm for forearm) and found that 59% of these patients had an injury to at least 1 deep structure (either tendon, artery, or nerve). Provencher et al 9 found that the preoperative examination, even when performed by a trained orthopedic hand surgeon, underestimates the extent of the injuries in 94% of patients. Therefore, even after a normal clinical examination, the treating physician should have a low threshold for taking the patient to theatre for formal exploration and repair if required. This is potentially an area of improvement for the studied institution, as 91 of 137 patients with punching glass injuries were discharged home without a formal exploration in theatre. Appropriate imaging of the injured area should also be performed to assess bone integrity and to identify the presence of a retained foreign body.
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Economic Burden
The majority of glass-punching injuries tend to present outside of normal working hours (Fig. 1) . This is most likely due to the alcohol-fueled nature of these injuries. 5 This has significant implications for the healthcare system as these injuries put an unnecessary burden on the reduced staff numbers which are rostered overnight. Fortunately, the majority of the injuries that required operative management did not need so immediately and could be scheduled on an orthopaedic list during normal working hours the next day (Fig. 2) .
A total of 46 operations were required with an average duration of 71 minutes. The operative group had an average length of stay of 1.9 days with 5.25 follow-up clinic appointments compared with an average length of stay of 0.97 days with 0.5 follow-up clinic appointments for the nonoperative group. These figures do not accurately represent the lengthy followup required for these injuries because of the limited compliance shown by the majority of patients, which is consistent with other studies. 5, 12 The indirect costs associated with punching glass would also be significant and include factors such as reduced productivity and increased welfare payments because of time off work (either temporary or permanent).
Types of Glass
There are 2 main types of glass found in architectural buildings, annealed glass and safety glass. When sufficient force is applied to annealed glass, it breaks into sharp, jagged fragments, which have the ability to cause serious damage to soft tissues structures. 14 The majority of these injuries occur when the hand is withdrawn from the glass, encountering jagged pieces of glass, which are still retained in the frame. Toughened glass is one type of safety glass and, in comparison with annealed glass of the same thickness, is 4-5 times as strong. In the unlikely event that this glass does break, it shatters into small particles without sharp edges, reducing the risk of injury. 15 Because of the dangerous nature of annealed glass when it is broken, it is not surprising to learn that this type of glass has been responsible for multiple fatalities. 14, 16 In comparison with safety glass, annealed glass is associated with more hospital admissions, more operations, longer follow-up, and more severe injuries to muscles, tendons, nerves, and blood vessels.
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Prevention
A considerable amount of hospital resources are utilized when a person punches glass, so a focus on prevention is essential to alleviate the burden on our health-care system. Preventing young, intoxicated males from aiming punches at glass is a difficult task, and perhaps the only rational method, although costly, is to replace all glass within arm's reach with safety glass. Many authors support this proposal and suggest that legislation is the only effective means of preventing annealed glass injuries. 14, 17, 18 Studies in the United States led to federal legislation enforcing the use of safety glass in 1977, resulting in the virtual elimination of serious annealed glass injuries in that country. 14, 17 We also support the preventative strategies aimed at reducing alcohol-fuelled violence; however, discussion of public health-orientated alcohol policy is outside the scope of this paper.
Standards Australia is the governing body responsible for glass legislation in Australia. Their most recent guidelines, released in 2006, outline the acceptable use of annealed and safety glass in homes, schools, childcare centers, and aged-care facilities. 19 Although there has been a significant reduction in the acceptability of annealed glass over the years, there are still numerous circumstances in which annealed glass is considered suitable. When the new guidelines are released, we strongly recommend that Standards Australia make their guidelines stricter and prohibit the use of annealed glass. Although we can appreciate the considerable expense associated with this proposed movement, the reduction in health-care costs from glass injuries would be substantial. In addition, it would be ideal to have a governing body that ensures that new buildings, as well as existing buildings, are in alignment with the new legislation when released.
CONCLUSIONS
In closing, we are aware of the inherent limitations of a retrospective study, namely the validity of the study relying heavily on the quality of the documentation. Some variables were not recorded in the patients' medical chart and were, therefore, unable to be included in the analysis. That said, our experience at a regional Australian hospital shows that while glass punching is an uncommon mechanism of injury, it can cause significant morbidity in a young age group and is, therefore, a major public health concern. 4 Thorough physical examination, appropriate imaging, and operative repair can lead to improved patient outcomes in an already disadvantaged group of our society. It is hoped that studies such as this will expedite the approval of legislation enforcing the use of safety glass in Australia and lead to a reduction in the burden that these injuries have on the individual, as well as our health-care system.
